Regenerating plants from somatic cells has aroused extensive interest among plant breed1990c) and genetic transformation (James et al., 1990; Nehra et al., 1990a Nehra et al., , 1990b protocols have been designed recently for some North American and European strawberry cultivars. However, such protocols are still lacking for important cultivars cultured in Finland.
ers andmolecular biologists. There are several methods of regenerating plants (Hicks, 1980; Reinert, 1968) , including callus formation induction followed by shoot regeneration from calli or direct shoot formation from single cells of wounded tissue or cell suspensions. In plants regenerated from callus cultures, somaclonal variation may occur in agriculturally important characters that can improve crops (Evans, 1989; Jones et al., 1988; Nehra et al., 1990c) . However, when genetic stability is desired, direct shoot formation is an appropriate regeneration method. Nehra et al. ( 1989) found that the morphology of plants directly regenerated from 'Redcoat' strawberry leaf disks was identical to that of the mother plant.
Desirable micropropagation features and gene transfer techniques include high shoot regeneration rate and high genetic stability in the regenerated plants. Efficient shoot regeneration (Jones et al., 1988; Nehra et al., 1989, Received for publication 23 Jan. 1992. Accepted for publication 14 Sept. 1992. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact.
HORTSCIENCE , VOL. 28(1), JANUARY 1993 Shoot regeneration directly from fieldgrown strawberry plants (Nehra et al., 1989) and from callus cultures initiated from material grown in vitro (Jones et al., 1988; Nehra et al., 1990c) has been reported. The purpose of the present study was to compare the effects of several preculture media to develop a regeneration method from leaf disks for commonly grown strawberry cultivars. This method's main applications are transferring alien genes into strawberry plants and micropropagation, but the method can also be used to identify possible differences between plants regenerated directly from somatic cells and those regenerated from callus cultures. We report on direct shoot regeneration from strawberry leaf disks obtained from in vitro-micropropagated material.
Plant material. Virus-free in vitro stock plants of the Finnish 'Hiku' strawberry and the Norwegian 'Jonsok' strawberry were obtained from the Healthy Plant Center at Laukaa (Finland) Research Station. 'Hiku' stock plants were 19 months old and 'Jonsok' 22 months, as counted from the first meristem isolation. Both strawberry cultivars were derived from a single micropropagated mother plant. Stock plants were kept on G medium (Uosukainen, 1991) under a 16-h photoperiod (40 to 50 pmol·m -2 ·s -1 ) at 25 ± 1C during the day and 23 ± 1C at night. The plants were transferred every 4 weeks to fresh G medium.
Preparing explants and culture media. Four-week-old micropropagated plants were transferred to G medium with or without hormones [(in mg·liter -1 ) 0.5 BAP, 0.5 IBA, and 0.2 GA 3 ] and incubated for 4 weeks under the same conditions as the stock plants. After 4 weeks, 4-mm-diameter leaf disks were punched from leaves using a cork borer and transferred to 50-mm-diameter petri dishes containing 11 ml of modified regeneration medium. To reduce the possible influence of the leaf's developmental stage, the disks were distributed randomly among the different nutrient media. The modified regeneration medium consisted of Murashige and Skoog's (1962) mineral salts supplemented with 30 g sucrose, 8 g Difco Bacto-Agar, and 39 mg Fe(III)Na-EDTA/liter and various combinations of KNO 3 and growth hormones, as suggested by Liu and Sanford (1988) (Table 1 ). The pH was adjusted to 5.7 before autoclaving for 20 min at 121C and 103 kPa.
Experimental procedure. Each treatment consisted of six replications with four leaf disks per replication. Leaf disks forming shoots and shoots per leaf disk were counted after 8 weeks. The number of shoots per leaf disk was expressed as a ratio of total number of shoots per total number of leaf disks. The experiments were completely randomized; the data were not transformed. The differences among treatments were tested with analysis of variance. Paired comparisons were made with the paired t test.
Preculture on G micropropagation medium without hormones. Both 'Jonsok' and 'Hiku' showed a relatively low regeneration rate after being pretreated on hormone-free micropropagation medium (Table 1) .
The highest mean number of shoots for 'Jonsok' (total disk number = TDN) was achieved on medium A with 3 mg BAP/liter, and the lowest on medium D with 5 mg BAP/liter (Table 1) . Differences among treatments for number of shoots produced per leaf disk were significant at P = 0.01. The percentage of leaf disks forming shoots was higher on media A and D than on B and C, but none of the differences were significant. Shoot quality was somewhat better on media A and C (3 mg BAP/liter) than on B and D (5 mg BAP/liter), where they were composed of small, tight meristemoids or tiny shoots. In addition, the shoots on media B, C, and D were vitreous and their separation was difficult.
After preculturing the disks on hormonefree micropropagation medium, 'Hiku' shoot regeneration was low (Table 1 ). The mean regeneration rate per total number of leaf disks varied from 0.6 on medium C to 1.5 on medium A, but the differences among treatments were not significant. As compared with 'Jonsok', the percentage of shoot-producing disks was high in 'Hiku': it ranged from 56% on medium A to 37% on medium D. The different media had only a minor impact on 'Hiku' shoot quality. All the regenerated shoots were fairly large, had good chlorophyll formation, and separated easily.
Preculture on G micropropagation medium with hormones. In 'Jonsok', when leaf disks were obtained from stock plants maintained on micropropagation medium containing hormones, medium A with 3 mg BAP/liter again produced the highest number of shoots (12.8/TDN), which was about twice as many as for material not pretreated with hormones (Table 1) . BAP at 1.5 mg·liter -1 with400 mg of casein hydrolysate (CH) (medium E) was also tested, and the regeneration rate was almost the same as on medium A.
The percentage of leaf disks forming shoots was similar for all media (Table 1) , but shoot quality varied among media. On media B and D, with 5 mg BAP/liter, the shoots were small and they tended to form tight bunches that were difficult to separate. On media A and C, with 3 mg BAP/liter, the shoots were well developed and relatively large. Sometimes, however, tight bunches of shoots were ob-served on medium A. The best shoots in terms of color, size, and growth were obtained on medium E. 'Jonsok' shoots regenerated rapidly; the optimum stage was reached in 6 weeks of culture. Eight weeks of culture caused some degree of vitrification.
Pretreating 'Jonsok' donor plants on media containing hormones strongly affected the percentage of leaf disks producing shoots. The percentage of shoot-producing leaf disks was about three (medium D) to five times higher (medium C) than for those pretreated without hormones.
Pretreating 'Hiku' on G medium with hormones drastically increased shoot regeneration (Table 1) . On medium C, the increase was ≈16 times higher with hormones than without hormones. Medium C also regenerated the highest number of shoots. Differences among regeneration media A-D were minima1 and not significant.
With BAP at 5 mg·liter -1 (media B and D) 'Hiku' shoot quality was not good. The shoots were small and not easily separated. BAP at 3 and 1.5 mg·liter -1 , however, produced wellformed, relatively large, and easily separated shoots. BAP at 1.5 mg·liter -1 , however, produced 3.1 shoots/TDN, whereas regeneration media A and C (3 mg BAP/liter) produced about three times more shoots. Both media seemed to provide equally favorable environments for shoot production.
The percentage of 'Hiku' leaf disks producing shoots varied little among the nutrient media, and the percentage was low after hormone pretreatment as well-only between 1.1 (medium A) and 1.8 (medium D) times higher than from leaf disks derived from plants pretreated on media without hormones.
Pretreating donor plants with hormones promoted shoot regeneration from 'Hiku' and 'Jonsok' leaf disks. Except for 'Hiku' grown on medium B, the differences were significant at P ≤ 0.001 in all cases; for 'Hiku' grown on medium B, the difference was significant at 0.05 ≥ P ≥ 0.025. Pretreating explants with hormones also influences the subsequent success of tissue culture in Pinus pinaster Ait., where BAP promoted the morphogenesis of leaf explants (David et al., 1982) . In mulberry (Morus alba L.), adventitious bud formation also was observed after BAP pretreatment (Oka and Ohyama, 1981) . Liu and Sanford (1988) found that CH and KNO 3 stimulated shoot production from strawberry leaf tissue. In 'Hiku', medium C with increased KNO 3 and decreased CH produced the highest number of shoots from leaf disks that originated from plants pretreated on G micropropagation medium with hormones, but the differences between medium C and media A, B, and D were not significant. However, in 'Jonsok', increasing CH and decreasing KNO 3 (medium A vs. C) significantly improved shoot formation from leaf disks taken from plants not pretreated with hormones.
Contamination problems in tissue culture often occur in field-or greenhouse-grown plant materials; using in vitro-grown diseasefree or contamination-free material for cell and tissue culture studies or transformation may therefore be the method of choice. This study reveals that shoots can be regenerated directly from leaf disks, with a high regeneration rate, when in vitro-grown micropropagated plants are used.
